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1.  Molecular  Mechanisms  in  Decorticated  Rats 

i.[3H]Hemicholinium  binding  autoradiography:  restoration  studies 

The  interruption  of  the  corticostriatal  pathway  by  undercutting  the  frontal 
cortex  resulted,  after  two  weeks,  in  a  40%  reduction  of  basic  cholinergic 
processes  such  as  ACh  release  in  vivo  and  sodium-dependent  high-affinity 
choline  uptake  (SDHACU)  (see  previous  Reports).  The  depression  of 
cholinergic  function  in  deafferented  striatum  has  been  demonstrated  also  by  the 
evaluation  of  [Tl]HCh-3  binding  to  SDHACU  sites,  determined  biochemically  in 
tissue  homogenates,  or  by  autoradiography  in  brain  sections.  We  have  also 
reported  that  using  appropriate  drugs  such  as  choline,  the  ACh  precursor,  or 
oxiracetam,  a  typical  nootropic  compound,  it  was  possible  to  promote  the 
recovery  of  both  basic  cholinergic  function  and  pharmacological  responses  to 
different  agonists.  Thus,  we  have  tested  the  ability  of  oxiracetam  (0X1)  to 
restore,  in  a  neuroanatomical  context  by  autoradiography,  the  normal  density  of 
[3H|HCh-3  binding  sites  in  deafferented  striatum. 

The  autoradiographic  distribution  of  |3Il|HCh-3  binding  sites  has  been 
evaluated  according  to  Lowenstein  et  al  (19X7).  The  rats  were  decapitated  and 
the  whole  brain  was  removed  and  rapidly  frozen  in  N-pentanc  at  -20-25  °C  . 
Coronal  and  sagittal  sections  were  cut  at  -20°C  in  a  cryostat  and  thaw-mounted 
onto  acid-cleaned  gelatin  coated  slides.  The  slides  were  incubated  with  10  nM 
[3H|HCh-3  for  30  min  at  room  temperature  in  50  mM  glycylglycine  buffer  pH 
7.8  containing  200  mM  NaCl.  Non-specific  binding  was  determined  in  adjacent 
sections  processed  in  the  same  manner  except  that  10  pM  unlabelled  HCh-3  was 
added  to  the  incubation  medium.  After  dessication,  the  slides  were  exposed  to 
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tritium-sensitive  film  "Hyperfilm"  (Amersham,  UK)  for  four  weeks  and 
developed  using  a  standard  technique;  tritiated  microscales  (Amersham)  were 
coexposed.  Quantitative  autoradiographic  analysis  was  done  with  a  RAS  3000 
Image  Analysis  System  (Loats  System.  U.S.A.). 

Digitized  images  of  the  [3H]HCh-3  binding  distribution  in  coronal  sections  of 
bilateral  deafferented  rats  treated  with  OXI  are  Illustrated  in  Fig  1.  A  substantial 
decrease  of  autoradiographic  signal  of  [ 3I  I]HCh-3  binding  was  seen  in  striata  of 
bilaterally  deafferented  rats  compared  to  the  sham-operated  rats;  no  changes 
were  noted  in  other  structures.  In  sham-operated  rats,  OXI  did  not  alter  the 
distribution  of  [3H]HCh-3  binding  sites  in  either  striatum  or  accumbcns.  but  in 
deafferented  rats  the  treatment  with  OXI  appeared  to  restore  the  normal 
distribution  of  ['ll]  I  ICh-3  binding  sites. 

The  autoradiographic  distribution  of  [ 3I I ] I ICh-3  binding  sites  in  sham-operated 
or  decorticated  rats  treated  with  OXI  was  quantified  by  image  analyser  (Table 
l).  Brain  coronal  sections,  which  included  the  anteromedial  part  of  the 
caudatc-putamen  and  the  accumbens-tubercle  olfactorium  region,  were  analyzed. 
As  previously  shown,  bilateral  deafferentation  produced  a  decrease  (22 %)  in  the 
[3II]lICh-3  binding  sites  in  the  anteromedial  portion  of  the  striatum.  No  changes 
were  detected  in  the  posterior  part  adjacent  to  the  globus  pallidus  or  in  the 
accumbens-olfactory  tubercle  region.  In  sham-operated  rats  OXI  did  not 
significantly  alter  the  density  of  [3H]HCh-3  binding  sites  but  there  was  a  slight 
increase  in  the  signal  in  the  limbic  area.  In  deafferented  rats,  the  nootropic  drug 
overcame  the  effect  of  the  lesion  and  even  produced  a  significant  increase  -15%- 
in  striatal  [  'H]HCh-3  binding  sites  compared  to  sham-operated  animals.  Similar 
trend  was  seen  also  considering  only  the  latcrodorsal  portion  of  striatum,  where 
the  density  of  1 31 1 1 1  ICh-3  binding  sites  was  higher.  This  result  is  consistent  with 
the  increase  in  SDIIACU  in  deafferented  striatum  after  OXI  treatment. 
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In  addition,  it  appears  from  the  results  that  OXI  only  acts  this  way  in  animals 
with  impaired  cholinergic  function.  This  is  in  agreement  with  previous 
biochemical  experiments  showing  that  0X1  restores  ACh  release  in  vivo  in 
striata  of  decorticated  rats  and  prevents  the  electroshock-  or 
scopolamine-induced  decrease  in  brain  ACh  but  has  no  effect  in  control  animals. 

The  findings  of  this  study  point  to  the  possibility  that  OXI  normalizes  basic 
cholinergic  processes  by  increasing  the  availability  of  choline  for  ACh  synthesis. 
The  finding  that  in  certain  conditions  OXI  could  improve  the  synthesis  of 
phospholipids,  particularly  the  phosphatidylcholine  pool,  proposed  as  a 
"reservoir"  for  generating  choline  for  the  synthesis  of  ACh  speaks  in  favor  of 
this  hypothesis  However,  0X1  may  possibly  restore  the  tone  of  cholinergic 
neurons  in  deafferented  striatum  by  activation  of  NMDA  receptors,  as  recently 
suggested  in  the  hippocampus.  Indeed  the  corticostriatal  pathway  uses  glutamate 
as  putative  neurotransmitter  which  has  been  shown  to  increase  ACh  release  from 
striatal  slices  in  vitro  through  NMDA-type  receptors  possibly  located  on  the 
cholinergic  cell.  Therefore,  the  direct  or  indirect  activation  of  NMDA  receptors 
by  OXI  could  normalize  the  activity  of  cholinergic  interneurons  in  deafferented 
striata. 

ii.  Effect  of  frontal  decortication  on  muscarinic  receptor  subtypes 

in  striatum 

I’he  impairment  of  ACh  release  in  vivo  as  a  result  of  the  loss  of  the 
excitatory  corticostriatal  pathway  could  cause  understimulation  of  cholinergic 
receptors  in  the  striatum,  and  as  an  adaptation  to  this,  an  up  regulation  of 
muscarinic  acetylcholine  receptors  (niAChRs).  It  was  thus  firstly  examined 
whether  frontal  decortication  caused  changes  in  the  number  (Bmax)  or  affinity 
(Kd)  of  muscarinic  receptors,  using  as  tadioligand  N-methylscopolaminc 
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[(3H)NMS],  a  quaternary  muscarinic  antagonist  that  does  not  discriminate 
between  the  muscarinic  receptor  subtypes.  Saturation  curves  of  (3H)NMS  were 
determined  as  described  by  Giraldo  et  al..  1987.  It  was  found  that  both  the  Bmax 
and  the  Kddo  not  change  14  days  after  decortication  (Table  2). 

In  general  muscarinic  receptors  are  classified  as  neuronal  Ml  (high  affinity 
for  pirenzepine  (PZ)J,  cardiac  M2  (low  affinity  for  PZ  /  high  affinity  for 
AF-DX  1 16)  and  glandular  M3  (low  affinity  for  both  PZ  and  AF-DX  1 16).  It 
has  been  shown  that  rat  striatum  contains  about  30%  of  the  Ml  subtype  and 
about  70%  of  the  M3  subtype  and  it  seems  to  be  devoid  of  the  M2  type  (Giraldo 
at  al.,  1987).  In  order  to  examine  whether  frontal  decortication  caused  changes 
in  the  percentages  of  the  muscarinic  receptor  subtypes  known  to  be  present  in  the 
striatum,  competition  experiments  against  (*I  1  )N MS  were  done  using  the 
selective  antagonists  PZ  and  AF-DX  1 16.  Binding  curves  were  derived  indirectly 
from  competition  experiments  against  0.35nM  ('Il)NMS  and  0.5  ( 3 1 1 )  PZ  as 
already  described  by  Giraldo  at  al.,  1987. 

The  inhibition  curves  generated  by  PZ  in  displacing  (  !ll)NMS  from  specific 
muscarinic  receptors  sites  in  the  striatum  of  sham  and  DC  rats  were  shallow 
with  an  nil  significantly  less  than  one,  and  the  data  points  fitted  best  to  a  two 
binding  site  model,  indicating  the  presence  of  two  major  populations  of 
receptors.  One  receptor  population  (Ml  sites),  amounting  to  35%  of  total 
receptors,  bound  PZ  with  high  affinity  (K  (,  35  nM)  whereas  second  and  major 

(65%  )  population  of  sites  bound  with  low  affinity  (K  386  nM)  both  in 

sham-operated  and  in  DC  rats  (Table  3).  From  the  binding  experiments  with  PZ 
alone,  the  nature  of  second  receptor  population  cannot  be  more  precisely  defined 
since  PZ  does  not  discriminate  between  the  M2  and  M3  low  affinity  binding 
sites.  Therefore,  we  cl  id  competition  experiments  with  the  novel  antimuscarinic 
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PZ  analog,  AF-DX  116  in  sham  and  DC  rats.  AF-DX  116/  (JII)NMS 
competition  experiments  in  the  striatal  membrane  preparation  of  both  groups 
generated  a  steep  curve  with  nil  not  significantly  different  from  unity  suggesting 
that  AF-DX  116  bound  to  a  uniform  population  of  sites  with  low  affinity  (M3 
sites).  'Hie  affinity  constants.  1.1  and  1.2  pM  for  sham  and  DC  rats  respectively, 
fell  within  a  range  similar  to  the  Kc)  value,  2.9  pM.  shown  for  the  glandular  M3 

(Table  4).  Based  on  these  findings  we  can  conclude  that  the  percentages  of  the 
mAChR  subtypes.  Ml  and  M3,  present  in  the  striatum  were  similar  in  sham 
operated  and  DC  rats. 

iii.  Kffect  of  frontal  decortication  on  the  agonist  binding  to 
muscarinic  receptors  in  striatum 

It  is  well  accepted  that  in  brain  and  in  heart  the  high  affinity  states  of  the 
mAChR  result  from  interaction  with  G  proteins  (Nathansei.  1987).  Indeed,  the 
guanyl  nucleotide  GTP  and  the  phosphohydrolase  resistant  analogue. 
Gpp( NH)p. which  uncouple  G  proteins  from  the  receptors  have  been 
demonstrated  to  modulate  the  binding  affinity  for  the  muscarinic  eholineigie 
agonists  in  the  heart  and  cortex  (Rosenberger  at  a  I  1979).  It  was  thus  examine  .1 
whether  frontal  decortication  caused  changes  in  the  Gpp(NII)p  modulation  of  the 
binding  affinity  for  the  muscarinic  cholinergic  agonist,  oxotremorine  (OTMNi 
in  the  striatum  (Table  5). 

OTMN  /('H)l-quinuclidinyl  benzilate  (QNB)  competition  curves  from 
striatal  membrane  preparations  of  sham  operated  and  DC  rats  were  obtained  in 
the  absence  and  presence  of  100  p M  Gpp(NIl)p  by  using  concentrations  of  the 
agonist  from  InM  to  300  pM.  In  the  absence  of  Gpp(NII)p,  the  data  points 
differed  significantly  from  the  theoretical  curve  in  both  groups  with  nil  being 
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less  than  unity:  0.67  ±  0.08  nM  p<0.01  (sham-operated  group)  and  0.61  ±  0.05 
n\l  p<0.01  (DC  group).  Computer  analysis  of  the  curves  from  sham  and  DC 
striata  show.d  the  existence  of  two  receptor  affinity  states  :  in  sham  striata 
OTMN  dispaced  16.2  ±  0.51%  wit*,  high  affinity  [ I C50=  14  ±1.2  nM|  and 
8111. 1%  with  low  affinity  [IC5()  =  5.6  1  0.5  u M ]  in  sham  striata  whereas  in  DC 

striata  it  hound  14.3  ±  3.3%  of  receptors  with  high  affinity  1  ICM)  13.011.0  | 
and  85.9  ±  4.?%  with  low  affinity  ( 1 .3  ±  0.1  uMJ  were  found  in  DC  striata.  The 
addition  of  0.2  mM  Gop(NH)p  and  10  mM  Mg++ t<.  the  incubation  medium 
resulted  in  a  almost  comple'e  conversion  of  the  mAChRs  that  OTMN  recognized 
with  high  affinity  to  a  low  affinity  state :  96.2  ±  2.9%.  with  a  IC  ,|(  of  3.3  ±  0.28 

LtM  m  sham  and  94.6  r  0.37%  with  IC.(I  3.1  ±  0.01  uM  in.  DC  striata.  In  both 
cases  the  nil  was  0.93  ±0.02. 

These  data  demonstrate  that  the  GlP  regulatory  function  at  muscarinic 
receptors  in  rat  striatum  does  not  change  after  decortication. 

iv.  F.ffect  of  frontal  decortication  on  signal  transduction  at 
povtsynaplic  cell  sites:  measurement  of  (  ‘Hi  inositol-phosphate 

accumulation 

Receptor  binding  studies  can  detect  changes  in  the  characteristics  (li 
and  K  | )  oi  die  iiiAOhKs,  but  they  cannot  yield  any  information  on  receptor 

function,  i.e.  whether  the  reaction  of  the  agonist  with  the  receptor  leads  to  a 
normal  or  altered  biochemical  response.  It  is  well  accepted  that  ACh  or  the 
cholinomimetic  drugs,  acting  at  muscarinic  receptors  in  the  striatum,  inhibit 
adeny  late  cyclase,  stimulate  cGMP  synthesis  and  elicit  phosphoinositide  (PI) 


breakdown.  Thus,  we  have  investigated  whether  frontal  decortication  affected 
the  transduction  mechanism  coupled  to  muscarinic  receptors  in  the  striatum  at 
the  postsynaptic  level,  i.e  the  activation  of  phosphoinositide  turnover  (FI) 
induced  by  the  muscarinic  agonist  carbachol  (CARB).  In  addition,  since 
glutamate  is  the  putative  neurotransmitter  in  the  corticostriatal  pathway,  we  have 
also  investigated  the  lesion  effects  on  the  activation  of  Pi  turnover  by  the 
glutumatergic  agonist,  ibotenic  acid  (IBO). 

Efject  of  frontal  decortication  on  phospoinositide  turnover 
stimulate/'  by  CAR  in  striatum:  The  accumulation  of 

( 4I I  (-inositol-phosphates  ((Hl)lnsPs)  was  determined  according  to  the  method  of 
Brown  et  a!  1984,  in  tissue  miniprisms  from  striata  of  DC  and  sham-operated 
rats.  big.  2  shows  the  dose-response  effect  of  CARB  on  (  'll)InsPs  accumulation 
in  miniprisms  from  lesioned  and  sham-operated  animals.  In  sham-striata 
CARB-stintulated  PI  turnover  in  a  concentration-dependent  manner  (lpM 
-ImM).  b'ormation  of  ('H)InsPs  was  about  200  %  above  control  values  at  IttM 
CARB  and  the  maximal  effect,  about  600%  was  achieved  at  1  inM  when  the 
plaieau  was  reached.  The  HCM1  is  1.3  x  1 0  4  ±  43.  As  shown  in  the  figure,  we 

did  not  find  any  change  in  the  response  of  DC  rats  at  any  of  the  doses  studied. 
Effect  of  frontal  decortication  on  phosphoinositide  turnover 
stimulated  by  Hit):  The  effect  of  UC  lesion  on  PI  turnover  stimulated  by 
I  BO.  an  excitatory  amino  acid  which  mimics  the  effect  of  glutamate,  was 
examined  (big.  3).  In  miniprisms  from  striata  of  sham-operated  rats  the 
stimulation  of  ('H)InsPs  accumulation  induced  by  IBO  was  8091  and  9021  at  100 
u M  and  ImM.  respectively,  while  in  DC  miniprisms  the  effect  was  already 
evident  (25%)  at  10  pM  of  the  agonist  and  the  maximal  effect,  about  3509b, was 
achieved  at  ImM.  The  enhancement  of  IBO  stimulation  in  DC  striata  is  very 
likely  caused  by  glutamate  receptor  supersensitivity  induced  by  the  removal  of 


the  glutamatergic  input,  as  previously  observed  (Nicoletti  at  al.,  1987).  Fi'illier 
experiments  are  in  progress  to  analyze  the  effects  of  decortication  on  other 
signal  transduction  mechanisms  coupled  to  rnAChRs  in  the  striatum. 


2.  Behavioral  Effects  of  Frontal  Decortication 

In  previous  experiments  it  was  found  that  the  neurochemical  alterations 
observed  after  disconnecting  the  basal  ganglia  from  the  cortex  were  accompanied 
by  marked  deficits  in  active  avoidance  conditioning  and  Lashlev  maze  learning. 
However,  since  this  lesion  also  induces  a  general  pattern  of  behavioral 
disinhibition  (decrease  of  emotionality,  increased  reactivity  to  novelty),  it  was 
difficult  to  estabilish  whether  DC  rats  have  specific  memory  deficits. 

F.ffcct  of  frontal  decortication  on  spatial  learning 

In  order  to  investigate  to  what  extent  lesioned  animals  are  impaired  in 
processing  and  storing  information  when  submitted  to  learning  problems,  we 
examined  their  acquisition  rate  in  the  radial  maze,  a  complex  special  learning 
task  (preliminary  data  were  given  in  Report  of  April,  1990). 

Two  groups  of  rats  (bilaterally  operated  ami  sham-operated)  were  tested  in 
a  radial  maze  consisting  of  eight  identical  paths  (width  12  cm;  length  60  cm) 
radiating  from  an  or  togonal  platform.  For  three  consecutive  days,  each  rat  was 
placed  on  the  central  platform  and  allowed  to  explore  the  maze  in  which  a  large 
amount  ot  food  pellets  had  been  placed.  On  the  4th  day.  the  actual  procedure 
started.  For  ten  consecutive  daily  trials,  each  rat  was  placed  on  the  central 
platform  and  allowed  to  make  eight  runs,  with  all  the  paths  previously  baited. 


Three  dependent  variables  were  recorded:  (1)  the  mean  number  of  unrepeated 
path  choices  out  of  eight,  (2)  the  rank  of  occurrence  of  the  first  error,  (3)  the 
degree  of  divergence  of  the  sequence  of  runs.  The  results  were  statistically 
evaluated  by  one-way  ANOVA  for  repeated  measures.  There  was  an  increase  of 
performance  in  sham-operated  as  well  as  in  lesioned  rats  as  learning  proceeded 
(Fig.  4),  but  the  number  of  correct  path  choices  were  less  frequent  [significant 
lesion  effect,  F(l,24)=  21.70  p>0.001]  in  lesioned  than  in  sham-operated  animals 
(Fig.4  A)  and  the  first  error  occurred  earlier  [F(l,24)=15.57.p>  0.00061  (Fig. 4 
B).  Differences  were  also  observed  in  the  maze  running  strategies  (MRS)  which 
were  significantly  more  divergent  [significant  lesion  effect.  F(l.24)=I  1 .6. 
p>0.002]  in  lesioned  than  in  sham-operated  rats  (Fig.4  C). 

As  in  simpler  tasks,  disconnecting  the  cortex  from  the  basal  ganglia 
significantly  impaired  performance  in  the  radial  maze.  Interestingly,  the  lesioned 
rats  not  only  made  a  larger  number  of  errors  in  this  task  but  also  displayed  very 
different  MRS.  Control  rats  tended  to  visit  adjacent  paths  consecutively, 
whereas  lesioned  rats  alternated  their  choices  in  an  apparently  arbitrary  manner. 
It  can  thus  be  assumed  that  the  mapping  operations  resulting  from  their  different 
exploratory  strategies  will  lead  to  different  representations  of  their  experimental 
environment,  making  for  poor  spatial  memory. 

However,  the  higher  degree  of  divergence  displayed  by  lesioned  rats  in  running 
the  maze  is  similar  to  that  observed  in  animals  with  damage  to  the 
septo-hippocampal  pathway,  the  main  cholinergic  input  to  the  hippocampus. 
Important  behavioral  impairment  has  also  been  observed  in  rats  lesioned  in  the 
nucleus  basalts  magnocellularis,  source  of  cholinergic  innervation  to  the  cerebral 
cortex  (Olton  and  Wenk  17K7). 


3.  Effect  of  Neurotoxin-induced  Lesions  of  Cortical 

Afferents 


Since  the  mechanical  disconnection  used  in  this  study  also  damages  the 
cholinergic  projections  from  the  nucleus  basalis  to  the  frontal  cortex,  it  seemed 
necessary  to  check  to  what  extent  the  behavioral  alterations  observed  depended 
on  the  interruption  of  this  particular  pathway,  or  were  due  to  the  more  complete 
disconnection  of  the  basal  forebrain  from  the  cortex.  We  compared  the 
behavioral  and  biochemical  effects  of  specific  chemical  lesions  of  the  nucleus 
basalis  magnocellularis  (NBM)  with  the  frontal  decortication. 

i.  Effect  of  ibotenic  and  quisqualic  lesions  on  spatial  learning 

Ibotenic  and  quisqualic  lesions  were  made.  Hqtiitcnsin  (1%  pentobarbital.  497 
chloral  hydrate)  anesthetized  rats  were  hi  lateral  I  ly  Iesioncd  in  the  NBM  by 
stereotaxic  microinjections  (4  x  0.75  ml  for  each  hemisphere)  of  ibotenic  (IBO: 
35  mM)  or  quisqualic  (QUIS:  50  mM)  acid  (coordinates:  1.3  mm  posterior  to 
bregma,  2.5  mm  lateral  to  midline.  6.5  and  7.2  mm  below  dura).  In 
sham-operated  animals,  the  skull  was  opened,  but  no  lesion  was  made.  The 
experiments  were  done  7  and  14  days  after  IBO  or  QUIS  lesion,  respectively. 

Two  groups  of  rats  bearing  these  lesions  and  their  respective  controls  were 
tested  in  a  radial  maze  as  previously  described,  for  ten  consecutive  daily  trials. 
Rats  from  the  IBO  and  QUIS  groups  did  not  differ  from  SHAM  in  the 
quantitative  aspects  of  performance  (Fig.  5).  The  number  of  correct  choices  and 
the  rank  of  occurrence  of  the  first  error  were  similar  in  the  three  groups. 
However,  differences  in  the  organization  of  MRS  were  observed  for  Iesioncd  and 
control  groups.  MRS  were  less  divergent  in  IBO  and  QUIS  than  in  SHAM 


[F(2,45)  =  6.25,  p>  0.004],  the  main  modification  being  in  the  1BO  group  which 
differs  significantly  from  QUIS  and  SHAM  (Newman-Keuls  pairwise 
comparisons,  p>  0.01).  No  significant  difference  was  found  between  these  two 
latter  groups. 

In  conclusion,  the  behavior  of  DC  rats  differs  from  that  of  rats  of  the  QUIS 
and  IBO  groups.  Decortication  drastically  impairs  spatial  learning  and  strongly 
modifies  MRS  strategies  which  mimic  those  observed  in  fornix  or  hippocampus 
damaged  rats.  IBO  and  QUIS  lesions  of  the  nucleus  basalis  modify  MRS  but  in 
the  opposite  direction  from  the  DC  group.  This  suggests  that  striato-cortica! 
connections  other  than  the  projections  from  nucleus  basalis  to  frontal  cortex 
participate  in  the  control  of  spatial  learning  and  organization  of  MRS. 

ii.  Effect  of  ibotenic  and  quisqualic  lesions  on  ACh  release  from 
frontal  cortices  in  vivo  and  choline  acetyl  transferase  activity 


Application  of  IBO  to  degenerate  the  baso-cortical  cholinergic  system 
moderately  reduced  ChAt  activity  -  a  marker  of  cholinergic  neuron  integrity  in 
the  cortical  regions  -  but  it  also  caused  clear  behavioral  impairment.  The  NBM 
lesion  with  QUIS,  a  glutamate  receptor  subtype  agonist,  caused  a  large  drop  in 
ChAt  activity  in  the  frontal  cortex  but  less  severe  behavioral  impairment. 

We  originally  assessed  cortical  cholinergic  functions  in  both  conditions  and  in 
DC  rats  by  measuring  ACh  output  by  microdialysis.  We  also  measured  frontal 
cortices  ChAt  activity  in  all  three  groups  of  lesioned  rats  (DC.  IBO  and  QUIS). 
Extracellular  ACh  content  was  measured  in  frontal  cortices  of  14-day  bilaterally 
decorticated  and  sham-operated  rats,  using  the  microdialysis  technique.  The 
results  are  shown  in  Fig.  6.  ACh  levels  in  the  20  min  perfusate  samples  are 
uncorrected  for  the  recovery  which  was  50%  for  a  probe  8.0  mm  long.  The 


ACh  output  was  constant  over  at  least  200  min  in  the  sham-operated  and  DC  rats. 
The  average  ACh  content  in  the  perfusate  was  6.0  ±  0.1  pmol/20  min  in  the 
sham-operated  and  2.5  ±  0.1  pmol/20  min  in  DC  with  a  significant  (p<0.01) 
decrease  of  about  60%.  Fig.  7  shows  the  effect  on  ACh  release  from  frontal 
cortices  of  bilateral  NBM  lesioned  rats  induced  by  ibotenic  1BO  or  QUIS 
compared  to  sham-operated  rats.  ACh  output  was  constant  over  at  least  200  min 
in  the  three  groups  but  while  the  average  ACh  content  in  the  perfusate  of  1BO 
(5.4  ±  0.1  pmol/20  min)  was  similar  to  that  of  sham-operated  rats  (5.7  ±  0.1 
pmol/20  min),  in  the  QUIS  the  cortical  ACh  output  was  significantly  (p<0.01) 
lowered,  to  3.2  ±  0.1,  a  decrease  of  about  40%.  Our  results  indicate  that  there  is 
a  loss  of  cortical  ACh  release  in  vivo  in  the  DC  and  in  the  QUIS  rats,  but  not  in 
the  I  BO  ones. 

To  investigate  this  point  further,  we  measured  ChAt  activity  in  the  frontal 
cortex  and  in  hippocampus  of  the  lesioned  and  sham-operated  rats  (Table  6). 
Neither  decortication  nor  NBM  lesions  affected  hippocampal  ChAt  activity, 
underlining  the  specific  involvement  of  cholinergic  cortical  function.  NBM 
lesions  induced  by  IBO  or  QUIS  reduced  cortical  ChAt  activity  by  about  .30%- 
and  40%.  respectively,  while  decortication  had  no  effect.  The  different  decreases 
in  cortical  ChAt  activity  induced  by  IBO  or  QUIS  correlates  well  with  their 
different  effects  on  cortical  ACh  release  in  vivo,  while  the  absence  of 
modification  of  cortical  ChAt  activity  observed  in  DC  rats  and  the  marked 
impairment  of  cortical  ACh  release  needs  to  be  clarified. 

In  summary,  our  findings  show  that  the  decrease  of  cortical  ACh  release  in 
vivo  observed  in  the  DC  and  QUIS  groups  is  correlated  with  a  reduction  of 
cortical  ChAt  activity  only  in  the  QUIS  rats.  The  IBO  lesion  did  not  alter  ACh 
output  from  frontal  cortices  and  reduced  cortical  ChAt  activity  less  than  the 
lesion  induced  by  QUIS. 

The  differences  in  ACh  release  in  the  IBO  and  QUIS  groups  do  not  correlate 


with  any  behavioral  alterations  since  (1)  IBO,  QUIS  and  SHAM  radial  maze 
performances  were  similar  and  (2)  MRS  differed  for  IBO  and  SHAM  in  spite  of 
their  similar  rate  of  ACh  release.  It  seems,  therefore,  that  cholinergic  depletion 
in  the  frontal  cortex  does  not  by  itself  represent  a  specific  marker  either  for 
spatial  learning  deficits  or  for  MRS  alterations.  Probably,  a  reduction  of  ACh 
release  in  the  frontal  cortex  associated  with  particular  alterations  of  other 
neurotransmitter  systems  would  correlate  better  with  specific  patterns  of 
behavioral  deficits. 


Data  analysis 

The  binding  data  were  computer  analyzed  with  a  non  linear  least  squares 
regression  program  for  single  or  multiple  independent  binding  site  models.  The 
sum  of  squares  errors  from  data  fitting  was  then  statistically  compared  between 
models  to  determine  best  fit.  The  hill  coefficient  (nH)  was  calculated  by  linear 
regression  analysis  and  assessed  for  statistically  significant  deviation  from  unity 
(Student's  t-test). 

The  EC,0  was  determined  by  an  ALLFIT  program,  using  four  parameter 
logistic  functions. 

The  results  of  behavioral  experiments  were  statistically  evaluated  by  a  one 
way  ANOVA  for  repeated  measures 
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Table  5.  INFLUENCE  OF  Cnm'VH 


Tabic  6.  Effect  of  neurotoxin-induced  lesions  in  NBM  and  of 


deafferentation 

hippocampus 

of  frontal  cortex  on 

CHAT  activity  in  rat  cortex  and 

FRONTAL  CORTEX 

HIPPOCAMPUS 

ChAt 

( u  m uli/h/gP ) 

SHAM 

27.3  2  1.3 

24.1  ±  4.8 

EES-Ql  IS 

16.4  ±  2.8* 

27.7  ±  1.8 

SHAM 

33.8  ±  5.2 

22.1  x  1.0 

EES- 1 150 

23.1  ±  6.7** 

24.9  ±  3.6 

SHAM 

18.9  t  1.8 

20.9  ±  1.4 

DECORTICATE 

I)  21.0  ±  3.7 

19.7  ±  3.6 

The  data  arc  flic  means  ±  S.K.  of  two  experiments.  *p<0.01,  **p<0.05 
vs  Sham  group;  Student's  t  test. 
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Fig. 6  Effect  of  bilateral  frontal  decortication  (DC)  on  ACh  release  in  vivo  from  frontal 
cortices.  The  data  [mean  and  S.E.  (vertical  bars)  values  from  five  rats]  represent  the 
ACh  content  in  each  20  min  fraction  and  are  expressed  as  pmol/20  min.  Data  were 
evaluated  statistically  by  Dunnett's  test.  *p<0.01  vs  SHAM  group. 


Dunnett's  test.  *p<0.01  vs  SHAM  group. 
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Decrease  in  [3H]hemicholinium  binding  to  high-affinity  choline  uptake 
sites  in  deafferented  striatum:  restoration  by  oxiracetam 


Gijinl.uigi  Forloni,  Nudin  Angeretti,  Daniela  Amoroso.  Antonio  Addis  and  Silvana  Console 
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Frontal  corneal  deafferentation  of  the  rat  striatum  reduces  the  tone  of  striatal  cholinergic  neurons.  We  used  biochemical  and  autoradiographic 
techniques  to  investigate  whether  the  | 'H|heniicholinium-5  (|'ll|HCh-3)  binding  to  sodium -dependent  high-affinity  choline  uptake  sites  was 
mtluenced  In  this  lesion.  Frontal  deafferentation  produced  ;t  reduction  *'|  about  in  the  number  ol  [ *H J! IC"h-3  binding  sites  (/*,„.„)  «n 
striatum,  mth  no  significant  changes  in  the  binding  affinity  (AT,,).  Autoradiography  showed  a  significant  reduction  of  |'H)HCh-3  binding  sites 
in  the  anteromedial  portion  of  the  striatum,  but  not  in  the  posterior  part  of  frontal  dealferented  rats  Oxiracetam  (100  nig-kg).  a  nootropic 
drug,  did  not  affect  the  distribution  of  |*II|H<‘h-3  binding  sites  in  sham-operated  rats  but  completely  overcame  the  reduction  m  the-  numhet 
ol  |  H|IH'h  '  binding  sites  in  deafferented  striatum 


llcmicholinium  is  a  potent,  reversible  inhibitor  of 
m Hi iu m -lie pendent  high-affinity  choline  uptake’'  (SD- 
HA(’U).  a  rate-limiting  step  in  acetylcholine  (ACh) 
synthesis’1.  The  availability  of  [ 'H)hemicliolinium  (|,H|- 
HC'h-3)  has  permitted  the  development  of  a  ligand¬ 
binding  method  to  label  the  SDIIAC’U  sites1'*  Previous 
studies  have  documented  a  close  correlation  between  the 
regional  distribution  of  | ^1 1  JIIC’h-3  binding  to  crude 
membrane  preparation  and  the  choline  acetyltransferase 
( (  h AI  )  activity^.  Changes  in  |'H|HCh-3  binding  site 
density  have  been  observed  as  a  consequence  of  phar¬ 
macological  manipulation  in  vivo1'  and  in  vitro1*,  con¬ 
sistent  with  the  alteration  of  cholinergic  neuron  activity. 
The  association  of  ( *H jl IC'h-3  binding  sites  with  the 
-hoimergic  terminals  has  been  further  proved  by  the 
autoradiographic  technique.  In  this  context  the  distribu¬ 
tion  of  [  'HlHCh-.l  binding  sites  in  central  nervous  system 
correlates  significantly  with  the  immunocytochcmical 
distribution  of  C'hAT  and  the  histocheniical  distribution 
ot  acetylcholinesterase,  the  two  classical  presynaptic 
markers  of  the  cholinergic  system7-14'2'. 

Removal  of  excitatory  corticostriatal  afferents  by 
cortical  ablation  or  undercut  resulted  in  a  reduction  of 
the  basic  cholinergic  activity  in  the  striatum  as  reflected 
by  the  decrease  of  ACh  turnover l,,-2‘*.  ACh  release  in 
vivo*  and  SDHAC’IJ2"  However,  even  when  their  activ¬ 
ity  is  depressed,  the  striatal  cholinergic  interneurons 
remain  potentially  functional  and  capable  of  responding 
to  certain  stimuli'’.  Choline,  a  precursor  of  ACh.  or 


oxiracetam  (OXI).  a  second  generation  nootropic  drug  in 
the  2-pyrrolidinenone  class  whose  therapeutic  value  is 
currently  being  investigated1*’,  were  reported  to  restore 
cholinergic  biochemical  activity  in  decorticated  rats  Ihe 
deallerented  striatum  constituted  an  interesting  model 
for  testing  whether  the  |'H]HCh-3  binding  can  reflect 
changes  in  cholinergic  function  induced  by  altered  phys¬ 
iological  equilibrium  of  intact  cholinergic  neurons  rather 
than  dramatic  changes  of  cholinergic  activity  induced  by 
drugs  or  lesions1  v>. 

In  this  study,  we  used  biochemical  and  autoradio¬ 
graphic  techniques  to  investigate  ['H]HCh-3  binding  to 
SDHACU  sites  in  rat  striatum  after  monolateral  or 
bilateral  chronic  deafferentation.  We  also  investigated 
whether  OXI  altered  the  autoradiographic  distribution  of 
|'HjHCh-3  binding  sites  in  sham-operated  and  frontal 
deafferented  rats. 

Female  Sprague- Da wley  rats  (C’l) COBS.  Charles 
River.  Italy)  weighing  200-250  g  were  used.  Monolateral 
and  bilateral  frontal  deafferentation  was  done  under 
ether  anesthesia  by  undercutting  the  cortex  with  a  thin 
glass  knife  fashioned  from  a  cover  slip,  as  described  by 
Consolo  et  al.*\  In  sham-operated  animals,  the  skull  was 
opened  but  no  lesion  was  made.  Ihe  experiments  were 
done  14  days  after  the  lesion.  The  extent  of  damage  to 
the  corticostriatal  pathway  induced  by  the  undercut  was 
assessed  in  randomly  selected  groups  of  4  animals  per 
experiment,  by  measuring  the  uptake  of  [ 'H (glutamate  in 
crude  homogenate  preparations8.  When  ('H)glutamate 


<  nrrrspondt'fu *•  <i  -L  Forloni.  Isttiuto  di  Ricerche  Farmacologichc  Mario  Negri'.  Via  Fritrca  b2,  20157  Milano.  Italy 
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TABU-.  1 

hi  feet  of  frontal  <U ’afferentalt < in  on  /*/////{  7i-.f  holding  to  the 
sodium -dependent  high  ■affinity  choline  uptake  (SDH A  CU)  sites  in 
striatal  membranes 

I'he  data  arc  the  means  ±  S.P..M.  of  4-ft  determinations.  mP  c  0.01. 
Student's  Mcst.  Rats  were  killed  two  weeks  after  bilateral  deafferen- 
tation.  Parameters  derived  from  'non-linear  fitting'  analysis  of  the 
saturation  curses  (1-24  nM). 

Sham  •  operated  /  )eafferen  led 

/im,v(fnn>l  mg  P)  170  i  20  120  1  10* 

k,,(n\f)  7.211.7  7.311.1 


uptake  was  approximately  halved  the  lesion  was  effec¬ 
tive. 

f'ffJHCh-3  binding  assay.  The  rats  were  killed  by 
decapitation,  striata  and  hippocampi  were  dissected  and 
crude  membranes  obtained  by  sonication  were  centri¬ 
fuged  at  20.0(H)  g  for  15  min  at  4  °(\  The  resulting  pellets 
were  washed  twice  then  resuspended  in  glycylglycine 
buffer  pH  7.S  to  yield  a  final  concentration  between  2(H) 
and  (St Ml  ng,  ml.  used  in  the  binding  assay.  The  binding  of 
pHjHCh-3  (NliN.  U  S. A.  147  Ci.'mmol;  1-24  nM)  was 
performed  as  described  by  Sandberg  and  Coyle1*',  with 
minor  modifications.  Washed  crude  membrane  prepara¬ 
tions  were  incubated  at  25  C  lor  30  min  Incubations 
were  terminated  by  vacuum  filtration  with  a  Brandel  Cell 
Harvester  over  glass  fiber  filters  (Schleicher  and  Schuell 
No.  32)  previously  soaked  in  U..V3  (v/\)  aqueous 
solution  of  polyethyleneimine  to  reduce  the  binding  of 
|  HjHCh  3  to  filters.  Non-specific  binding  was  defined  as 
binding  in  the  presence  of  l  mM  unlabelled  HCh-3. 

Autoradiography  The  rats  were  decapitated  and  the 
whole  brain  was  removed  and  rapidly  frozen  in  t\- 
pentane  at  2(1  to  -25  °(\  Coronal  and  sagittal  sections 
were  cut  at  -20  °C*  in  a  cryostat  and  thaw-mounted  onto 
acid-cleaned  gelatin-coated  slides.  The  slides  were  incu¬ 
bated  with  10  nM  (*HjHCh-3  for  30  min  at  room 
temperature  in  50  mM  glycylglycine  buffer  pH  7.S 
containing  2IM)  mM  NaCI.  Non-specific  binding  was 
determined  in  adjacent  sections  processed  in  the  same 
manner  except  that  10  j.  M  unlabelled  HCh-3  was  added 
to  the  incubation  medium.  After  desiccation,  the  slides 
were  exposed  to  tritium-sensitive  film  ‘HyperfilnT 
(Amersham,  U  K.)  for  4  weeks  and  developed  using  the 
standard  technique;  tritiated  microscales  (Amersham) 
were  coexpos.'d.  Quantitative  autoradiographic  analysis 
was  done  with  a  RAS  3000  Image  Analysis  System  (Loats 
System.  IJ.S.A  ). 

Table  I  shows  the  effect  of  frontal  deafferentation  on 
|  H] HCh-3  binding  parameters.  The  lesion  reduced  the 
|  'HjHCh-3  binding  sites  (/fmslJI)  in  striatum  of  about  30C£, 
with  no  change  in  the  affinity  (K(1).  This  effect  is 


consistent  with  the  general  depression  of  cholinergic 
striatal  activity  observed  after  interruption  of  the  corti- 
costriatal  pathway".  Neither  binding  parameter  of  J  af- 
ferented  rats  was  modified  in  die  hippocampal  region 
(data  not  shown),  indicating  the  region  specificity  of  the 
phenomenon 

The  effect  of  frontal  deafferentation  on  pH] HCh-3 
binding  sites  was  investigated  in  a  neuroanatomical 


lig  I  \utoradiograms  with  pll}IIO»-3  binding  silo  distribution  in 
sagittal  (A)  and  coronal  (U)  sections  of  sham-operated  and  coronal 
section  of  deafferented  rat  ((*).  The  signal  (white)  was  high  in 
caudate  putamen  (cp)  with  a  mcdiolatcral  gradient,  olfactory 
tubercle  (tu)  aecumbens  (ac)  and  dentate  gyrus  (dg).  medium  in  the 
superior  layers  ol  cortex  (cx).  the  pyramidal  layer  of  hippocampus 
(h)  and  the  habenula  (ha).  Note  the  absence  of  signal  (black)  in  the 
anterior  commensure  (an)  In  cerebellum  (cb)  the  high  signal 
appears  largely  due  to  a  non-specific  binding  as  previously 
demonstrated1.  In  C  note  the  reduction  of  autoradiographic  signal 
in  deafferented  striata  (cp).  in  contrast  the  signal  in  olfactory 
tubercle  (tu)  appears  unchanged 


15s 


iabii  n 

Effect  of  frontal  deafferentation  on  the  /  '/////{. 'h-d  binding  in  striatum 
and  accurnbens-olfactory  tubercle  determined  by  autoradiography 


1  he  data  are  the  means  ■+  S  P  M.  of  4-5  rats  (5-4  sections  per 
brain)  */’  <-  0.01 .  Student's  /-lest.  Hats  were  killed  two  weeks  after 
fronuJ  bilateral  deafferentation.  One  concentration  (10  nM)  of 

J  liji  K  n-^waj  used. 


Rinding  ( ‘  Iff  HCh-d  fm ol!tng  P 


Sham  -operated  Deafferented 


Siii.uum 

Anteromedial  part  425-2  ±  20.2 

Posterior  part  317.6  i  16.4 

Aecum  be  ns- olfactory  tubercle  197.0  ±  K.7 


295.o±  I2.H* 

525.4  i  20.1 

170.5  ±  25.9 


context  by  autoradiography  technique,  big.  1  illustrates 
the  autoradiograms  of  [’HjHCh-3  binding  in  sagittal  (A) 
and  coronal  (B)  sections.  The  autoradiographic  signal 
was  high  in  the  striatum,  accumbens  and  dentate  gyrus, 
intermediate  in  hippocampus  and  cerebral  cortex  and  low 
in  thalamus  and  hypothalamus.  This  further  indicates  that 
the  distribution  of  [*H]HCh-3  binding  sites  in  rat  brain 
fits  well  with  the  localization  of  cholinergic  terminals',  as 
previously  shown  by  other  investigators*  M. 

I  he  autoradiogram  of  the  pHjH('h-3  binding  distri¬ 
bution  in  coronal  section  of  bilateral  deafferenled  rat  is 
illustrated  in  Fig.  1C.  A  substantial  decrease  off  ’IljHC'h- 
3  binding  sites  was  seen  in  striata  of  bilaterally  deat- 
lerented  rats  compared  to  the  sham-operated  ruts;  no 
changes  were  noted  in  other  structures.  A  similar 
reduction  was  found  tn  striata  of  unilaterally  lesioned  rats 
(data  not  shown).  This  picture  is  consistent  with  the 
determination  of  other  cholinergic  parameters'’  and  con¬ 
firms  that  collateral  fibers,  described  in  frontal  cortex1", 
did  not  influence  the  functional  depression  of  striatal 
cholinergic  neurons  induced  by  deafferentation. 

Table  II  summarizes  the  results  of  quantitative  image 
analysis.  The  absolute  values  of  |'H}HCh-3  binding  site 


density  obtained  by  autoradiography  appeared  different 
from  the  #m.IK  calculated  from  the  saturation  curve  in 
homogenate.  The  slight  discrepancy  in  the  binding  site 
numbers  is  justified  by  the  different  conditions  of 
evaluation*  *\  Bilateral  deafferentation  produced  a  de¬ 
crease  (32%)  in  the  pH]HCh-3  binding  sites  in  the 
anteromedial  portion  of  the  striatum,  equivalent  to  that 
observed  in  equilibrium  binding  experiments.  No  changes 
were  detected  in  the  posterior  part  adjacent  to  the  globus 
pallidus  or  in  the  accumbens-ol factory  tubercle  region. 
Excitatory  inputs  have  been  described  from  the  frontal 
cortex  to  these  parts4,y,  but  apparently  they  do  not 
directly  modulate  the  activity  of  cholinergic  neurons. 

The  autoradiographic  distribution  of  [3HJHCh-3  bind¬ 
ing  sites  was  quantified  in  frontal  deafferented  and 
sham-operated  rats  after  intraperitonea!  OXI  at  the 
optimal  dose  of  UK)  mg/kg  on  the  basis  of  previous 
studies’1  and  our  preliminary  investigations  (data  not 
shown).  Brain  coronal  sections,  which  included  the 
anteromedial  part  of  the  caudate-putamen  and  the 
accumbens-tubercle  olfactorium  region,  were  analyzed. 
In  sham -operated  rats  OXi  did  not  significantly  alter 
['HjHCh-3  binding  in  either  striatum  or  accumbens.  but 
there  was  a  slight  increase  of  the  signal  in  the  limbic  area. 
In  deafferented  rats,  the  nootropic  drug  overcame  the 
effect  of  the  lesion  and  even  produced  a  significant 
increase  —  15%  —  in  striatal  ['H]IK’h-3  binding  sites 
compared  to  sham-operated  animals  A  similar  trend  was 
seen  also  considering  only  the  laterodorsal  portion  of 
striatum,  where  the  density  of  ( 'HjHCh-3  binding  sites 
was  higher.  This  result  is  consistent  with  the  increase  in 
SDHACU  in  deafferented  striatum  after  OXI  treat¬ 
ment'.  and  provides  strong  support  for  the  concept  that 
|'H|H('h-3  binding  is  a  reliable  index  of  SDHACU 
activity. 

In  addition,  it  appears  from  the  results  that  OXI  acts 
only  in  animals  with  impaired  cholinergic  function.  This 
is  in  agreement  with  previous  biochemical  experiments 
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/  fleet  of  nxiratrtam  on  the  f'HfUCh-d  binding  distribution  m  frontal  deafferenled  rat  brain  determined  h\  autoradiography 

I  he  data  are  the  mean*  +  S  K.M  of  4-5  rats (5  -5  sections  pet  brain)  *P-  (1411.  "f*  •  <1.05  vs  respective  diam-ogeraicd  group.  AM  >VA  (2  *  2) 
test  ami  lukey’s  lest  The  tats  were  killed  two  weeks  after  frontal  bilateral  deafferentation  and  2  h  after  oxiracetam  (OXI )  treatment  ( Io0  mg  kg) 

<  >nc  concentration  f  WnM)of  |  *H)HCh-5  was  used. 
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showing  that  OX!  restores  ACh  release  in  vivo  in  striata 
of  decorticated  rats'  and  prevents  the  electroshock-  or 
scopolamine -induced  decrease  in  brain  ACh*~  but  has  no 
effect  in  control  animals. 

The  findings  of  this  study,  like  those  of  the  previous 
ones  point  to  the  possibility  that  OXI  normalizes  basic 
cholinergic  processes  by  increasing  the  availability  of 
choline  for  ACh  synthesis.  In  accordance  with  this 
hypothesis  is  the  finding  that  in  certain  conditions  0X1 
could  improve  the  synthesis  of  phospholipids'',  particu¬ 
larly  the  phosphatidylcholine  pool,  proposed  as  a  ‘reser¬ 
voir1  for  generating  choline  for  the  synthesis  of  AC’lr  ". 
It  was  reported  that  ACh  can  be  synthetized  from  choline 
derived  from  the  breakdown  of  endogenous  phospha¬ 
tidylcholine.  formed  dc  novo  by  the  stepwise  methylation 
of  phosphatidylethanolamine".  Interestingly,  in  deaf- 
ferented  striatum,  the  transmethylation  pathway  is  en¬ 
hanced,  possibly  to  sustain  the  striatal  cholinergic  activity 
depressed  by  the  lesion'1. 

However.  0X1  may  possibly  restore  the  tone  of 
cholinergic  neurons  in  deaflerented  striatum  by  modula¬ 
tion  of  NMDA  receptors,  as  recently  suggested  in  the 
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hippocampus'  \  Indeed  (he  corucost natal  pathway  uses 
glutamate  as  putative  ncurotransmittcr*  which  has  been 
shown  to  increase  ACh  release  from  striatal  slices  in  vitro 
through  NMDA-type  receptors  possibly  located  on  the 
cholinergic  cell'*  Therefore  the  direct  or  indirect  acti¬ 
vation  of  NMDA  receptors  by  OXI  could  normalize  the 
activity  of  cholinergic  interneurons  in  deafferented 
striata. 

In  conclusion,  according  to  the  depression  of  cholin¬ 
ergic  function,  both  autoradiographic  and  saturation 
binding  experiments  showed  a  reduction  in  the  density  of 
f'HJITCh-3  binding  sites  in  deafferented  striatum.  This 
reduction  was  overcome  by  treatment  with  0X1.  The 
restoration  experiments  with  OXI  indicate  the  possibility 
of  investigating  by  autoradiography  the  functional  stage 
of  cholinergic  neurons  in  a  neuroanalomical  context  and 
identifying  the  decorticated  striatum  as  a  model  to  test 
drugs  affecting  cholinergic  activity- 
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three  dependent  variables  vi-.-.-,  ,■>«.. .u-.*  or  umopcateu 

path  choices,  the  rank  of  occurrence  of  the  first  error  and  the  degree 
of  divergence  of  the  sequences  of  runs.  At  the  end  of  the  experiment, 
the  mt  were  sacrificed  and  basic  neurocbcitinal  cholinergic 
parameters  were  assessed.  The  results  show  that  the  mechanical 
disconnection  of  striato-cortical  pathways  induces  severe  deficits  of 
acquisition  associated  with  modifications  of  marc-running  strategies 
(MRS).  Ibotenic  acid  lesions  impair  acquisition  in  a  less  drastic 
fashion  while  quisqualic  acid  lesions  Jo  not  affect  acquisition 

performance  but  strongly  modify  MRS.  Ncrtrochemic.il  data  indicate 
modifications  of  all  cholinergic  parameters  after  the  three  types  of 
lesions.  However,  the  main  specific  and  consistent  cholinergic 

depletion  was  obtained  with  quisqualic  acid  lesions.  These  results 
suggest  that  the  hypothesis  according  to  which  the  cholinergic 

pathway  from  the  nucleus  basalis  to  the  frontal  cortex  controls  spatial 
learning  and  memory  should  be  reconsidered  Its  role  in  the 
organization  of  exploration  suggests  a  mote  direct  participation  to  the 
reactivity  to  environmental  stimuli  which,  in  turn,  could  influence 
cognitive  functions. 
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D.  AMOROSO,  G.  L.  FORLONI,  N.  ANGERETTI,  A.  ADDIS  and  S.  CONSOLO,  Lab.  of 
Cholinergic  Neuropharmacology  ,  "Mario  Negri”  Institute, 20157  Milano, 
Italy. 

Frontal  deaf ferentation  of  rat  striatum  raduces  the  tone  of  3triatal 
cholinergic  interneurons.  After  two  weeks,  the  lesion  resulted  in  40% 
reductions  in  acetylcholine  (ACh)  release  in  vivo,  in  sodium-dependent 
high-affinity  uptake  of  choline  (SDHACU)  and  in  a  30%  decrease  in  the 
number  of  [3H] hemicholinium-3  ((3H]HCh-3)  binding  (DMAX)  to  SDHACU  sites 
with  no  significant  change  in  the  binding  affinity  (KD) .  Autoradiography 
showed  a  significant  reduction  of  ( 3  H ] n  c  h - 3  binding  sites  in  the 
antoromedial  portion  of  the  striatum,  but  not  in  the  posterior  part  of 
frontal  deafferonted  rats.  Acute  treatment  with  oxiracetam  (OXI)  100  mg/kg, 
i.p.,  induced  a  recovery  of  ACh  output  from  the  striata  of  deafferented 
rats.  At  30  min  after  drug  injection,  ACh  release  was  already  significantly 
higher  in  the  OXI-treated  group  than  in  saline-treated  group,  with  complete 
recovery  occurring  by  80  min.  The  full  effect  lasted  at  least  100  min 
longer.  OXI  also  normalized  SDHACU  activity  2  h  after  its  administration. 
Consistently  with  this  result,  the  nootropio  drug  completely  overcame  the 
reduction  of  (3H]HCh-3  binding  sites  in  the  deafferented  striatum. 
Restoration  of  the  basic  biochemical  cholinergic  processes  is  most  likely 
associated  with  enhanced  ACh  formation.  The  results  identify  the 
deafferented  striatum  as  a  useful  model  for  studing  means  to  restore  the 
deficit  in  cholinergic  neurotrensmlasion.  US  AIR  FORCS  grant  APOSR  87-0399 


